Introduction. The purpose of the present study was to compare the levels of tumor necrosis factor a (TNF-a), and interleukins (IL) 1, 6, 8 and 10 in the umbilical cord and neonatal circulation among neonates with early and late cord clamping. Material and methods. A consecutive series of 76 cases of uncomplicated pregnancy and an uneventful parturition was evaluated. In 40 cases, delayed cord clamping was used and in the remaining 36, early cord clamping was practiced. Blood samples were collected from the umbilical vein immediately after cord clamping and at 24 h from the median cubital or basilic vein of the neonate. Results. Significant differences were noted in the hematocrit and hemoglobin levels at 24 h that favored delayed clamping. None of the evaluated markers of inflammation differ between the two groups. Spearman's rho revealed a significant correlation between umbilical cord TNFa and TNF-a neonatal values at 24 h (r = 0.551, p = 0.022) in the early clamped group. Significant correlations were also noted between umbilical cord TNF-a and TNF-a neonatal values at 24 h (r = 0.728, p = 0.001), umbilical cord IL-10 and neonatal IL-10 at 24 h (r = 0.487, p = 0.047) and umbilical cord IL-1b and neonatal IL-1b at 24 h (r = 0.516, p = 0.034). Conclusions. Delayed cord clamping or cord milking does not alter the levels of inflammatory cytokines in cord blood and neonatal serum. Future studies should evaluate the impact of delayed cord clamping in selected high-risk pregnancies.
Introduction
Delayed umbilical cord clamping has become routine practice during the last decade due to emerging evidence that supports its beneficial action on neonatal hematocrit, cardiovascular stability and reduction of rates of hypochromic anemia during the first 3 months of life which is secondary to the expected iron deficiency in infants that breastfeed exclusively (1) (2) (3) . The prevention of iron deficiency may even benefit neurodevelopmental outcomes of preterm neonates during the early course of life (4) , as iron seems to be extremely important during development of the central nervous system (5) .
Previous studies suggested that the technique is safe and beneficial even in extremely preterm infants (6, 7) , hence widening the rates of its implementation. Delayed cord clamping has been previously criticized, as the resulting increase in hemoglobin levels may increase the risk of developing jaundice and the need for neonatal phototherapy (8) . However, a recently published committee opinion of the American College of Obstetricians and Gynecologists clearly recommends its adoption in current clinical practice (9) .
Parturition is a physiological process that is characterized by features of increased oxidative stress that implicate both mothers and neonates (10) . Previously, DiazCastro et al. suggested that delayed cord clamping may exert a beneficial effect by increasing the antioxidant capacity of term neonates (10) . They specifically reported that the levels of superoxide dismutase and soluble tumor necrosis factor receptor II were significantly higher in newborns that were subjected to delayed cord clamping compared with early-clamped neonates.
Previous studies suggested that the inflammatory cascade is triggered during the perinatal period (11, 12) . During this process the levels of tumor necrosis factor a (TNF-a), and interleukins (IL) 1, 6 and 8 increase, and reflect an immune response which is directly related to the stress of delivery and the environmental changes following birth. During the early stages of life, the neonate is particularly prone to developing infections, as a result of its ineffective immune system (13) . Delayed cord clamping and cord milking have been suggested as preventive measures that help reduce neonatal morbidity arising from insufficient tissue perfusion, including necrotizing enterocolitis, intraventricular hemorrhage, early and late onset neonatal sepsis, etc. (2) . Given that delayed cord clamping decreases the rates of neonatal complications, including neonatal sepsis (1) , and that the majority of these complications are directly related to increased cytokine levels, one would assume that delayed cord clamping could potentially help reduce the inflammatory response, thus decreasing the expression of several cytokines implicated in neonatal pathology, including TNF-a and ILs. Nevertheless, the actual impact of delayed cord clamping on the level of inflammatory cytokines in the umbilical cord and neonatal circulation has not been investigated. Taking into account that delayed cord clamping positively influences neonatal circulation and oxygenation, one would assume that it would help reduce the levels of inflammatory cytokines during the perinatal period.
The purpose of the present study was to compare the levels of tumor necrosis factor a (TNF-a) and interleukins (IL) 1, 6, 8 and 10 in the umbilical cord and neonatal circulation in neonates exposed to early and delayed cord clamping. We specifically selected the aforementioned cytokines, as their cord levels have been extensively investigated and have been correlated to neonatal pathology.
Material and methods

Patients
We evaluated cord and neonatal serum levels of TNF-a, and IL-1, IL-6, IL-8 and IL-10 of neonates that were born in the Gynecological Department of a tertiary University hospital in Athens, Greece between January 2016 and June 2016. Every participant woman signed an informed consent form prior to the study entry. During the conduct and writing of the present study we followed the specific EQUATOR reporting guidelines. We included women that delivered at term (> 37 weeks of gestation), with an uncomplicated antenatal period, who had no history of chronic disease that would influence the progress of gestation and labor and who had a body mass index (BMI) of 20-30 at the start of pregnancy. Women with hypertensive disorders or preeclampsia, diabetes mellitus and fetal intrauterine growth restriction were excluded from the study. Only deliveries that were uneventful (neonatal Apgar score > 7) were considered eligible for inclusion in our study. None of the included neonates developed early neonatal complications and their discharge was completed three days postpartum.
Eighty women were non-randomly assigned in a 1:1 allocation ratio to one of each groups (delayed vs. immediate cord clamping). In the early clamped group, the umbilical cord was clamped within 10 s from fetal expulsion; in the delayed clamping, the umbilical cord was either clamped 2 min following normal delivery of the fetus or after eight repetitions of umbilical milking following cesarean delivery. Four women in the early clamped group asked to withdraw from the study due to fear of neonatal injury during the collection of neonatal blood; hence, 36 women were evaluated in this arm in the final analysis.
Blood samples
Blood samples were collected from the umbilical vein immediately after cord clamping and from the median cubital or basilic vein of the neonate at 24 h. The evaluation of complete blood count was immediately performed at collection of blood and results were available within 5 min. Blood gasses as well as base deficit and serum bilirubin levels were evaluated with a Radiometer ABL 800 Flex, Copenhagen Denmark, analyzer, within 2 min of blood collections. The remaining blood was immediately centrifuged at 220 g for 10 min to collect serum and was stored at À100°C until further analysis. In no case did the total processing time exceed 20 min.
The levels of TNF-a, Il-1, IL-6, IL-8 and IL-10 were measured and analyzed using EMD Millipore's Milliplex human high sensitivity T cell magnetic bead Panel Immunoassay.
In a 96-well plate, samples were prepared by adding beads of defined spectral properties which were conjugated to protein-specific capture antibodies. Incubation buffer to bind cytokines to the protein-specific capture antibodies and biotinylated detector antibodies were added. Finally, streptavidin conjugated to the light-sensitive fluorescent protein R-Phycoerythrin was added and cytokine concentration were analyzed with the Luminex detection system using a five-parameter logistic program. The concentration of proteins was determined by monitoring the spectral properties of the beads and the amount of associated R-Phycoerythrin (RPE) fluorescence.
Statistical analysis
Data are expressed as median (interquartile range). The normality of the distributions was assessed with Kolmogorov-Smirnov's test and graphical methods. We used the Mann-Whitney non-parametric test for the comparison of continuous variables due to their abnormal distribution. Differences were considered statistically significant if the null hypothesis could be rejected with > 95% confidence (p < 0.05). All tests were performed with the IBM SPSS Statistics for Windows 21.0 package (IBM Corp., Armonk, NY, USA).
Ethical approval
Ethical approval for this study was obtained by the Institutional Review Board of our hospital (Protocol Number 476/08.09.2014).
Results
Blood samples were collected from the umbilical cord in 76 cases. At 24 h, blood samples were also collected from neonates. The rates of cesarean section were comparable in the two groups (11/36 vs. 9/40, p = 0.426). The mean Apgar score did not differ among immediate and delayed cord clamping [9 (8-10) Significant differences were noted in the hematocrit and hemoglobin levels at 24 h that favored delayed clamping. However, serum bilirubin did not differ between the two groups ( Table 2) .
None of the evaluated markers of inflammation differs between the two groups (Table 3) 
Discussion
Parturition has previously been linked to inflammatory processes, both in term and preterm deliveries, that seem to trigger the onset of labor (14) . However, the extent to which this inflammatory cascade involves the fetal circulation, whether the timing of cord clamping influences the secretion of cytokines and whether this process is maintained during the first hours of life, remains unclear.
In our study we sought to determine whether delayed cord clamping decreases the levels of cytokines that have already been established as well known mediators of inflammation. Despite the fact that delayed cord clamping resulted in significant correlations between the umbilical levels and neonatal levels at 24 h of TNF-a, IL-10 and IL1b, we did not observe significant differences in umbilical or neonatal serum values between the early and delayed clamping group.
Mediators of inflammation have previously been found to be increased in the study of Diaz-Castro et al. (10), who reported that soluble TNF-a receptor II and superoxide dismutase values are higher in delayed clamped neonates. The authors commented that this effect might influence the post-delivery neonatal antioxidant status and inflammatory signaling in healthy neonates. To date, however, there remains a lack of evidence in this field, as no other studies were published. Our findings contradict those of Diaz-Castro et al., as in our study none of the cytokines that were evaluated was found to be increased in the delayed cord clamping group. However, this does not necessarily mean that inflammation is not evident during parturition and the early neonatal period. A potential explanation for our findings relies in the selection of uncomplicated pregnancies that had an uneventful parturition. In this population, delayed cord clamping and cord milking may not result in significant differences in terms of oxidative stress and serum levels of inflammatory markers. In this context, specific attention should be sought in future studies in pregnancies complicated by preterm labor, preterm premature rupture of the membranes, preeclampsia, fetal growth restriction, gestational diabetes, etc. (15) (16) (17) .
To our knowledge, our study is the first that investigated the impact of delayed cord clamping and cord milking on the levels of inflammatory cytokines in umbilical cord and neonatal serum. We selected a consecutive series of patients to ensure that selection bias would not influence our study. Nevertheless, lack of randomization renders our study prone to potential attrition bias; hence, our findings should be interpreted with caution. Moreover, the half-life of inflammatory cytokines has been reported to be particularly limited, as cytokine levels are expected to drop within a few hours. Despite the fact that all measurements were performed within 5 min of blood collection in our study, this would not be feasible in a clinical setting, hence precluding the clinical applicability of our findings.
In conclusion, despite the fact that delayed cord clamping or cord milking has previously been linked to improved hemodynamic stability and oxygenation, it does not reduce the levels of inflammatory cytokines in cord blood and neonatal serum. However, our findings are based on uncomplicated pregnancies with uneventful parturition. Future studies should evaluate the impact of delayed cord clamping in selected high-risk pregnancies, including preterm labor, preterm premature rupture of the membranes, preeclampsia, fetal growth restriction and gestational diabetes. In these cases the impact of delayed cord clamping on umbilical cord cytokines may be more prominent due to the existence of an altered inflammatory profile that may render differences more distinct. 
